Introduction
Excessive accumulation of cerebrospinal fluid (CSF) in the brain is a condition known as hydrocephalus. It may cause a life-threatening increase in intracranial pressure (ICP). Nonsurgical treatment of hydrocephalus includes continuous CSF drainage, repetitive lumbar punctures (Lim et al., 2009) , or osmotic diuretics such as mannitol or glycerol, but their effects are transient and limited. Surgical treatment is needed to resolve the critical condition caused by increased ICP. Hydrocephalus can be classified as communicating or obstructive (non-communicating). In selecting surgical treatment, it is important to judge which is involved. Communicating hydrocephalus occurs when CSF flow is not blocked at any part of the passages connecting the ventricles. In obstructive hydrocephalus, CSF flow is blocked along one or more narrow passages between the ventricles. Hydrocephalus is treated by surgical insertion of a shunt system, such as a ventriculoperitoneal shunt (VP shunt), lumboperitoneal shunt (LP shunt) or ventriculoatrial shunt (VA shunt). The LP shunt should not be used in patients with obstructive hydrocephalus, because it can induce tentorial herniation leading to death. A limited number of patients with obstructive hydrocephalus are candidates for third ventriculostomy by neuroendoscope. Below, we review articles focusing on complications associated with various types of CSF diversion procedure.
Complications associated with any shunts
Surgical techniques for treatment of hydrocephalus are well established, but are associated with a relatively high incidence of complications (Blount et al., 1993 , Kang & Lee, 1999 . Complications associated with shunt procedures include infection, malfunction (obstruction or disconnection) and silicone allergy, and overdrainage. Infection of the shunt system is a troublesome and common complication. It is a major cause of morbidity and mortality in the treatment of hydrocephalus. The incidence of CSF shunt infection is approximately 2 -22% in most neurosurgical units throughout the world (Schoenbaum et al., 1975 , Mayhall et al., 1984 , Spanu et al., 1986 , Patir et al., 1992 . The use of an antibiotic-impregnated shunt (AIS, impregnated with rifampicin and clindamycin) has been reported recently to reduce the incidence of shunt infection (Govender et al., 2003 , Sciubba et al., 2005 , Pattavilakom et al., 2007 . AIS use is not common, however, so that it is difficult to determine the efficacy of AIS in preventing shunt infection (Steinbok et al., 2010) .
Moreover, a systematic review by Ratilal et al. (2008) found that systemic prophylactic antibiotics prevented shunt infection better than AIS. There have been investigations of the effect of more simple techniques, focusing on intraoperative sterile conditions such as intraoperative irrigation (Hayashi et al., 2008 (Hayashi et al., , 2010 , changing gloves before handling the shunt catheter (Sørensen et al., 2008 , Rehman et al., 2010 or a double-gloving strategy (Tulipan & Cleves, 2006) , and antimicrobial suture wound closure (Rozzelle et al., 2008) . Where AIS is unavailable, we recommend the systemic administration of antibiotics, generous intraoperative irrigation and double-gloving. Shunt malfunction is another common problem following CSF shunting. It leads to various symptoms including headache, nausea and vomiting, visual disturbance, seizures, changes in intellect or personality, disturbance of consciousness and sudden death. The ventricular side is reportedly obstructed more often (Cozzens & Chandler, 1997) . Disconnection at any point of the shunt system is first investigated by plain radiograph and/or CT (Fig.1) . Fig. 1 . CT scan of the abdomen A patient with a previous LP shunt placement presented with it malfunctioning. CT showed it had disconnected where the catheter entered the peritoneal cavity (arrow).
Recently a programmable shunt valve has been used to control the CSF flow. Breakage of the programmable pressure valve is difficult to diagnose by plain radiograph or CT, however. Since the tract of shunt tube becomes calcified in patients harboring a shunt system for a long period, making diagnosis of its disconnection difficult, it might be advisable to carry out shuntgraphy to locate the occlusion of the shunt system. CSF infection must then be investigated. Fibrous tissue generated by long-lasting contact of the ventricular catheter with the choroid plexus can lead to its occlusion. High CSF cell count and protein levels are believed to be a cause of shunt malfunction, although not in all cases (Fulkerson et al., 2011) . Even without infection, an allergic reaction to the shunt catheter occasionally leads to shunt malfunction (Jimenez et al., 1994 , Hussain et al., 2005 , Bezerra et al., 2011 . In such cases, prolonged use of corticosteroid or replacement of the shunt system with a polyurethane-based system (Hussain et al., 2005 ) is appropriate. In shunt malfunction, there have been numerous reports of malfunctions of the distal catheter (peritoneal tube). When malfunction at the distal catheter is suspected, plain radiograph and CT scan are performed. Bowel perforation ( Fig.2) (Abu-Dalu et al., 1983 , Sathyanarayana et al., 2000 and intra-abdominal pseudocyst formation www.intechopen.com (Rainov et al., 1994; Anderson et al., 2003) are known to be a cause of distal catheter malfunction. Fig. 2 . Photograph of a patient with bowel perforation of a VP shunt. The peritoneal side of the catheter extruded from the anus. The shunt system was removed surgically. The peritoneal catheter was cut at the point where it perforated into the rectum, and the extruded distal catheter was pulled out from the side of the anus.
Latent infection could give rise to complications of this sort. In such cases, we carry out tentative externalization of the ventricular catheter after removing the peritoneal catheter and repairing the fistula point if necessary. Even without evidence of infection, we have occasionally experienced patients in whom a shunt of this sort has not been functional from the start (unnecessary shunt). Clearly it is important to consider the indication for CSF shunt before any implantation. Protrusion or migration of a peritoneal catheter has also been reported from other sites, including the heart (Fewel & Garton, 2004) , pleural cavity (Doh et al., 1995) , stomach (Alonso-Vanegas et al., 1994) , a gastrostomy wound (Chan et al., 2003) , mouth (Berhouma et al., 2008) , scrotum (Oktem et al., 1998) , umbilicus (Wani et al., 2002 , Kanojia et al., 2008 and lumbar region (Kanojia et al., 2008) . Also, very rare cases of knot formation of a peritoneal catheter, leading to obstruction of the shunt as well as smallbowel, have been reported (Starreveld et al., 1998 , Woerdeman & Hanlo, 2006 , Eftekhar & Hunn, 2008 . Constipation is often observed in bed-ridden patients. Infrequently it is a cause of shunt malfunction, due to increased intra-abdominal pressure (Powers et al., 2006 , Martínez-Lage et al., 2008 . Treatment of constipation could improve the neurological condition of such patients. Constipation should not be forgotten as a cause of shunt malfunction prior to revision surgery. The sections below review complications associated with particular treatment methods.
Complication associated with particular shunts

Ventriculoperitoneal shunt (VP shunt)
VP shunt is the most common procedure for treating hydrocephalus. Various reported complications derive from the VP shunt. As the VP shunt system is longer than the LP shunt or VA shunt, we speculate that migration is unlikely to occur in association with a VP shunt. Many reports (Ammar & Nasser, 1995 , Acharya et al., 2002 , Nadkarni et al., 2007 , Chen et al., 2011 have found an upward migration of a VP shunt, however. Even in VP shunt implantation, firm fixation is recommended, particularly at the rectus abdominis fascia.
Pneumocephalus (Kawajiri et al., 1994 , Villarejo et al., 1998 , Barada et al., 2009 ) and pneumoventricle (Perrin & Bernstein, 2005) have been reported as a complication of VP shunt. This overdrainage complication seems to occur in association with VP shunt and also in other shunt operations. It is believed that this complication arises when a shunt is implanted in patients whose paranasal sinus is left open. Consequently, it is important to investigate the possibility of open paranasal sinuses, particularly when patients undergo shunt placement after a head injury or previous cranial surgeries involving the paranasal sinuses. In patients with a brain tumor who underwent VP shunt, peritoneal dissemination of the tumor can take place (Berger et al., 1991 , Newton et al., 1992 , Rickert et al., 1998 . As in other cranial surgeries, patients with a ventricular catheter have a 5.5% risk of seizure in the first year after the operation (Dan & Wade, 1986) . The efficacy of prophylactic use of anticonvulsants has never been established in patients undergoing shunt surgery, however. In addition, epileptic seizure could be a manifestation of shunt malfunction (Johnson et al., 1996) . Very rarely, superficial siderosis of the central nervous system (Fig.3 ) has been reported after VP shunt (Satow et al., 2010) . This might be caused by repeated long-lasting contact of the ventricular catheter with the choroid plexus. Transient improvement of neurological symptoms such as ataxia was observed following prescription of corticosteroid. In such cases, replacement of the VP shunt by a lumboperitoneal shunt might be necessary. A patient with normal pressure hydrocephalus underwent VP shunt placement. About 2 years after the operation, new symptoms developed including ataxia and hearing disturbance. MRI showed a rim of low-intensity enveloping the surface of the brain stem and cerebellum, which is the characteristic appearance of superficial siderosis of the central nervous system. www.intechopen.com
Lumboperitoneal shunt (LP shunt)
Lumboperitoneal shunt (LP shunt) is performed in patients with communicating hydrocephalus. It is also performed for the treatment of CSF fistula, idiopathic intracranial hypertension (Burgett et al., 1997) and slit-ventricle syndrome (Le et al., 2002) . Complications such as infection and malfunction were reportedly lower in LP shunt than VP shunt (Aoki, 1990) . Acute subdural hematoma after minor head trauma is reported in about 2% of patients with LP shunt (Kamiryo et al., 2003) . LP shunt is cautiously indicated for patients who do not live independently on a daily basis and who are prone to fall. Acquired Chiari malformation is a well-known complication after LP shunt (Payner et al., 1994 , Wang et al., 2007 . These complications are a manifestation of overdrainage. Complications due to overdrainage could be prevented by introducing a pressure control valve for the LP shunt (Wang et al., 2007) . Proximal migration of LP shunts have been reported (Yoshida et al., 2000 , Satow et al., 2001 , Rodrigues et al., 2005 . Defects in the fixation device or increased intraabdominal pressure are believed to be a cause of proximal migration of the LP shunt. Recently, programmable shunt systems have become available for LP shunt (Toma et al., 2010) , and these might act as an anchor to prevent migration of the LP shunt. LP shunt surgery does not include cranial procedures, which causes surgeons to believe it is a safer treatment. However, it should be kept in mind that various serious complications can occur after LP shunt.
Ventriculoatrial shunt (VA shunt)
VA shunt has recently been performed on rare occasions. A distal shunt catheter is inserted into the right atrium via the facial vein or internal jugular vein. Consequently, once infection of the shunt system occurs, septicemia develops. Chronic infection of a VA shunt results in an immune-complex-mediated glomerulonephritis, called "shunt nephritis" (Sticker et al., 1968) . This serious complication is caused by a skin commensal organism such as Staphylococcus epidermidis or other bacteria, and it requires revision of the shunt system. Very rarely, pulmonary hypertension caused by venous thrombus formation has been reported as a complication of VA shunt (Piatt & Hoffman, 1989 , Tonn et al., 2005 , Kluge et al., 2010 ; this could be lethal. As there are fatal cardiopulmonary complications associated with VA shunt, it should be used only in patients whose peritoneal cavity is not suitable for the placement of a distal shunt catheter.
Endoscopic third ventriculostomy
Endoscopic third ventriculostomy (ETV) is indicated and effective for obstructive hydrocephalus (Hellwig et al., 2005 , Schroeder et al., 2007 . Some authors have reported the use of ETV for communicating hydrocephalus (Gangemi et al., 2004 , Hailong et al., 2008 . The procedure did not need foreign materials such as a shunt catheter, so the incidence of infection is considered to be low. Moreover, in patients with shunt malfunction caused by infection of the shunt, ETV and removal of the shunt system are recommended. Fatal complications have been also reported, including high-frequency tachypnea (Bernard et al., 2010) , late failure (Drake et al., 2006 , Lipina et al., 2007 , and subarachnoid hemorrhage due to injury to the basilar artery (Schroeder et al., 1999 (Schroeder et al., , 2002 . Although rare, overdrainage complication involving chronic subdural hematoma or fluid collection has www.intechopen.com also been reported (Kim et al., 2004 , Sqaramella et al., 2004 ). An overdrainage complication manifesting acute subdural hematoma can occur, leading to death (Fig. 4) . Fig. 4 . Acute subdural hematoma (ASDH) after ETV for obstructive hydrocephalus due to brain stem hemorrhage. One day after ETV, the patient developed dilation of pupils more on the right side. CT disclosed ASDH on the right side. When ETV was performed, external ventricular drainage was placed because of the likelihood of early failure of the ventriculostomy. Although ventricular drainage remained nonfunctioning, ASDH developed as an overdrainage complication of ETV. At surgical evacuation of the hematoma, the bleeding point was confirmed as a cortical artery around the sylvian fissure, far from the puncture point of the ETV.
Conclusion
In this article we have reviewed various complications associated with CSF diversion procedures, which are performed routinely in neurosurgical practice for the treatment of hydrocephalus. There appear to be numerous ways of preventing those complications, developed by various physicians, as described in this article. In the literature of general surgery, complications associated with operation have usually been considered underreported (Wanzel et al., 2000) . It is important to report these ways so as to reduce the rate of complication in this common neurosurgical operation.
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